Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.003 Å; R factor = 0.030; wR factor = 0.072; data-to-parameter ratio = 9.7.
In the title compound, C 9 H 8 N 2 O 2 S, the sulfamoyl -NH 2 group is involved in intermolecular hydrogen bonding with the sulfonamide O and quinoline N atoms. In the crystal, molecules are linked into dimers via pairs of N-HÁ Á ÁN hydrogen bonds, forming an R 2 2 (10) motif. The dimers are further assembled into chains parallel to the b axis through N-HÁ Á ÁO hydrogen bonds, generating a C(4) motif. The crystal packing is additionally stabilized by intermolecular C-HÁ Á ÁO interactions. The crystal studied was a non-merohedral twin with a domain ratio of 0.938 (2):0.062 (2). Density functional theory (DFT) calculations, at the B3LYP/6-31 G(d,p) level of theory, were used to optimize the molecular structure and to determine interaction energies for the title compound. The resulting interaction energy is $4.4 kcal mol À1 per bridge for the C(4) chain and $5.9 kcal mol À1 per bridge for the R 2 2 (10) motif.
Related literature
For the use of the quinolinesulfamoyl unit in medicinal chemistry, see: Kim et al. (2005) ; Zajdel et al. (2012 Zajdel et al. ( , 2013 . For related structures, see: Marciniec et al. (2012) . For the synthesis, see: Maślankiewicz et al. (2007) . For hydrogen-bonding motifs in sufonamides, see: Adsmond & Grant (2001) . For graph-set notation of hydrogen-bond motifs, see: Bernstein et al. (1995) . For general hydrogen-bond rules, see: Donohue (1952) ; Etter (1990) . For details of theoretical calculations, see: Frisch et al. (20094) ; Parr & Yang (1989) . The twin matrix was been determined with ROTAX (Cooper et al., 2002) . Table 1 Hydrogen-bond geometry (Å , ). Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) and WinGX (Farrugia, 2012) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and Mercury (Macrae et al., 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) . (Zajdel et al., 2012; Zajdel et al., 2013) or anticancer activity (Kim et al., 2005) .
Experimental
From a structural point of view, sulfonamides are interesting because of their tendency to form different hydrogen-bond patterns in the solid state. Studies have shown that primary hydrogen-bond connectivity is somewhat predictable. Two general hydrogen-bond rules based on empirical observations of hundreds of crystal structures over the years have been developed that summarize this predictability (Adsmond & Grant, 2001) . The first of these rules states "all good donors and acceptors are used in hydrogen bonding" (Donohue, 1952) . The second hydrogen-bond rule for crystal structures of small organic molecules states that, after formation of intramolecular hydrogen bonds, the best hydrogen bond donor will bond to the best hydrogen-bond acceptor present (Etter, 1990) . The molecule of quinolinesulfonamide has two good hydrogen bond donors (the sulfonamido H atoms) and three the best hydrogen bond acceptors (the sulfonamido O atoms and quinoline nitrogen atom). We have previously reported the X-ray crystal structure of quinoline-8-sulfonamide . The obtained results show, according to the second hydrogen-bond rule, that the sulfamoyl NH 2 group is involved in intramolecular N-H···N hydrogen bond resulting in the graph-set motif of S(6) (Bernstein et al. 1995) . After formation of intramolecular hydrogen bond, the sulfamoyl NH 2 group is involved in intermolecular N-H···O hydrogen bond resulting in the graph-set motif of R 2 2 (8). The key feature of the molecular structure of 2-quinolinesulfonamide (I) (Fig.1) is the N1-C2-S1-N2 torsion angle of -95.88 (14)°. The geometry of the sulfonamide group does not allow for intramolecular hydrogen-bond ring formation. In the crystal structure, the molecules form dimers through N2-H1···N1 intermolecular hydrogen bonds [graph set R 2 2 (10)] which are extended into one-dimensional chains [graph set C(4)] along the b axis, through the sulfonamide N2-H2···O1 hydrogen bonds (Table 1 ; Fig. 2 ). Thus the firstlevel graph set is N 1 = C(4) R 2 2 (10).
The second-level graph-set notation (for combinations of two hydrogen bonds: N2-H2···O1 and N2-H1···N1) was determined to be as follows N 2 = R 4 4 (14)C 4 4 (16) R 4 4 (16) R 4 4 (18) R 6 6 (22) R 6 6 (24) R 6 6 (26).
The crystal packing is further stabilized by week intermolecular hydrogen bonds C3-H3···O2 and C4-H4···O2 which generate R 2 1 (5) ring and C6-H6···O1 hydrogen bond which generates D motif.
The molecular structure of (I) in the gas phase was optimized by the density-functional theory at the B3LYP/6-31 G(d,p) level, using the computer program GAUSSIAN09 (Parr & Yang, 1989; Frisch et al., 2009) . Calculations were performed using the X-ray coordinates as the input structure. The calculated geometry of the sulfonamide group allows for intramolecular hydrogen-bond five-membered ring formation (H1···N1 = 2.618 Å; N2-H1···N1 = 100.3°; N1-C2-S1-N2 = -35.2°) (Fig. 3 ). In the crystal structure of quinoline-2-sulfonamide (I) an intermolecular hydrogen bond is more difficult to break than comparable intramolecular hydrogen bond formed between the the sulfamoyl NH 2 group and endocyclic nitrogen supplementary materials
The minimum-energy structure of sulfonamides in the gas phase might not be identical to that observed in the solid state. Intermolecular interactions, and hydrogen bonding in particular, might strongly influence the conformations adopted in the solid state, whereas intramolacular interactions and and hydrogen bonding will dominate the gas-phase conformation.
The interaction energies for 2-quinolinesulfonamide (I) were investigated by adding successive units, in their crystallographic positions, once for the chain [graph set C(4)], once for the centrosymmetric dimer [graph set R 2 2 (10)].
These energies were then compared with the energy for the same number of independent asymmetric units to determine the stabilization energy for the interaction between units. The results are presented in table 2.
The energy difference as a function of the number of bridging interactions is nearly linear and independent of choice of generated cavity. The resulting interaction energy is ~4.4 kcal/mol/bridge for C(4) chain and ~5.9 kcal/mol/bridge for R 2 2 (10) dimer. The small increase in stabilization energy per unit as the number of formula units suggests that there are negligible contributions from extended molecular orbitals, supporting the original assumption that the significant interactions result from hydrogen bonding contributions.
The title compound was prepared by the reaction of hydrochloric acid solution of quinoline-2-sulfochloride with an excess ammonia at -10 °C according to the procedure reported by Maślankiewicz et al. (2007) . Single crystals of the title compound suitable for X-ray structure determination were obtained by recrystallization from an ethanolic solution.
Refinement
The hydrogen atoms participating in hydrogen bonding were located in a difference Fourier map and freely refined. The twin matrix, 1 0 0 0 -1 0 -0.344 0 -1, has been determined with the ROTAX program (Cooper et al., 2002) . For the further refinement, the reflection data file in HKLF 5 format was prepared using "Make HKLF5" function of the WinGX program (Farrugia, 2012) .
Computing details
Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: CrysAlis PRO (Agilent, 2011); data reduction: CrysAlis PRO (Agilent, 2011); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) and WinGX (Farrugia, 2012) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and Mercury (Macrae et al., 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010 Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq S1 0.24131 (5) 0.61370 (8) (5) O2 0.0188 (6) 0.0195 (7) 0.0172 (6) −0.0019 (6) −0.0046 (5) −0.0012 (5) N1 0.0128 (7) 0.0115 (7) 0.0152 (7) 0.0013 (6) (7) −0.0011 (6) −0.0010 (7) C3 0.0142 (8) 0.0135 (9) 0.0176 (9) −0.0015 (7) −0.0023 (7) −0.0015 (7) C4 0.0119 (8) 0.0144 (9) 0.0203 (9) −0.0007 (7) 0.0007 (7) 0.0014 (7) C4A 0.0116 (8) 0.0149 (9) 0.0176 (9) 0.0023 (7) 0.0002 (7) 0.0005 (7) C5 0.0153 (8) 0.0187 (9) 0.0169 (9) 0.0017 (8) 0.0029 (7) 0.0015 (7) C6 0.0164 (9) 0.0225 (10) 0.0149 (9) 0.0048 (8) 0.0006 (7) −0.0015 (8) C7
0.0167 (9) 0.0177 (9) 0.0173 (9) 0.0031 (8) −0.0032 (7) −0.0046 (7) C8 0.0138 (8) 0.0146 (9) 0.0192 (9) 0.0006 (7) −0.0005 (7) −0.0010 (7) C8A 0.0112 (8) 0.0116 (8) 0.0157 (9) 0.0033 (7) −0.0010 (6) −0.0004 (7) Geometric parameters (Å, º) S1-O2 1.4308 (13) C4-H4 0.95 (2) S1-O1 1.4376 (13) C4A-C8A 1.419 (2) S1-N2 1.5866 (16) C4A-C5 1.422 (2) S1-C2 1.7959 (18) C5-C6 1.361 (3) N1-C2 1.311 (2) C5-H5 1.00 (2) O2-S1-O1 120.23 (8) C4-C4A-C8A 117.98 (16) O2-S1-N2 108.44 (8) C4-C4A-C5 122.96 (17) O1-S1-N2 107.06 (9) C8A-C4A-C5 119.05 (16) O2-S1-C2 105.91 (8) C6-C5-C4A 120.28 (17) Hydrogen-bond geometry (Å, º) C(4) -1262155.9 -4.4 2 units N 1 = R 2 2 (10) -1262163.3 -11.8 3 units N 1 = C(4)R 2 2 (10) -1893243.7 -16.6 4 units N 2 = R 4 4 (14)
-2524335.0 -32.2
